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1 INTRODUCTION 
Knowing the dynamic equations ofthe robot arm is very necessary for the mechanical design of 
the arm. Some the forming parameters in these equations are the angular position, velocity and 
acceleration of the actuators. Using the Euler-Lagrange equations, one can estimate the stress-
strain distribution along the robot physical links. This is necessary for the fatigue design of the 
arm or estimate the failure limits. Employing the Euler-Lagrange equations, it could be easy to 
do vibration analysis, which is very important in position tracking and control. 
In this work, trajectory planning was done using flower pollination algorithm FPA 
(Yang2012)and (Alyasseri et al2018) to calculate angular velocity and acceleration trajectories 
needed for dynamical analysis for each robot configuration  . FPA is used for global optimiza-
tion by a wide range of researchers in different topics.The flower pollination algorithm was used 
for the path planning process to calculate optimum positions of the intermediatepoints which 
will be used in the trajectory planning process.The same algorithm is used to optimize the 
position of the robot tip, for the inverse kinematic which is necessary to transfer all points; start, 
end and intermediate points of the Cartesian space to joint space where the trajectory 
occurs(Spong et al 2006). Two links planar robot manipulator  RR have used as an example dur-
ing this work because of its simple kinematics, which is shown in Figure 1 with its Denavit-
Hartenberg parameters which are illustrated in Table 1. Each link has assumed to be 750 mm 
length also ݍଵandݍଶare the rotational angles of the link 1 and link2 respectively, with z-axis in 
the direction of the reader. 
2 VIA POINTS OPTIMIZATION 
It is assumed there are obstacles in the configuration space of the robot that constrained the mo-
tion of the robot arm while moving from start to goal point. Figure 2 illustrates the path which is 
planned in the constrained environment, where this path has been planned, using three points 
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ABSTRACT: Trajectory planning is a crucial step for the dynamic analysis of a robotic arm 
since the dynamic forces and torques depend on the amount of the acceleration of the moving 
links. In this paper flower pollination algorithm FPA was used to optimize 3 point cubic spline 
curve and these three points shall be the via points for the trajectory planning. The same algo-
rithm (FPA) also has used to map all points from the Cartesian space to the joint space where 
the trajectory planning occurs. 9th order polynomial equation presented to express the trajectory 
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planned using the 9th order polynomial equation is a continuous function and that is desired to 
reduce vibrations during run time. 
 
(a)Angularr position of link 1 (a))Angularr position of link 2 
(b))Angularr velocity of link 1 (b))Angularr velocity of link 2 
(c))Angularr acceleration of link 1 (c)Angularr acceleration of link 2 
Fig.5 Joint 1 trajectories Fig.6. Joint 2 trajectories 
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